For optimal monitoring of the fetus during birth, cardiotokography is used in modern obstetrics. Clinicians depend upon the recording of . cardiac frequency and uterine contractions for therapeutic decisions, in particular when this diagnostic methpd is complemented by microblood examinations. However, our knowledge about the pathophysiologic interrelations between fetal cardiac frequency patterns, hemodynamics and acid-basemetabolismis still quiteincomplete. While clinicians are familiär with the clinical significance of a "silent fluctuation" of the cardiotokography, its cause is unknown, the all-encompassing term "fetal asphyxia" notwithstanding. Therefore, we have attempted to simulate in our laboratory conditions of fetal distress in acute experiments on the term lamb fetus in order to investigate possible causal interrelations. Conditions of fetal distress can be caused by a decrease in uterine blood perfusion, e. g. during a contraction or with maternal shock or hypoxia. These conditions must simulate nature äs closely äs possible for the investigation of the consequences for the fetus of acute maternal-fetal metabolic disturbances. As other investigators, have we used the model of maternal hypoxia in our experiments with some modifications.
For optimal monitoring of the fetus during birth, cardiotokography is used in modern obstetrics. Clinicians depend upon the recording of . cardiac frequency and uterine contractions for therapeutic decisions, in particular when this diagnostic methpd is complemented by microblood examinations. However, our knowledge about the pathophysiologic interrelations between fetal cardiac frequency patterns, hemodynamics and acid-basemetabolismis still quiteincomplete. While clinicians are familiär with the clinical significance of a "silent fluctuation" of the cardiotokography, its cause is unknown, the all-encompassing term "fetal asphyxia" notwithstanding. Therefore, we have attempted to simulate in our laboratory conditions of fetal distress in acute experiments on the term lamb fetus in order to investigate possible causal interrelations. Conditions of fetal distress can be caused by a decrease in uterine blood perfusion, e. g. during a contraction or with maternal shock or hypoxia. These conditions must simulate nature äs closely äs possible for the investigation of the consequences for the fetus of acute maternal-fetal metabolic disturbances. As other investigators, have we used the model of maternal hypoxia in our experiments with some modifications.
Material and methods

Material
We evaluated the results of 15 experiments on 5 fetal lambs, 7 to 14 days before term. Major difficulties arose with another 3 animals, rendering the results unreliable. Our method for the induction of ovulation and the early diagnosis of pregnancy has been reported elsewhere [24] .
Curriculum vitae
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Surgical pteparation
Following the injection of 0.4 to 0.6 ml pentobarbital 1 the ewes were intubated and ventilated with a l: l O^NgO mixture and paralyzed with Suxamethonium 2 . With the animal in the left lateral position, the abdomen was opened with a flank incision. A small rubber catheter was passed around the main branch and, if necessary, around the larger cpllaterals of the uterine artery of the pregnant uterine hörn. Thus the arterial blood flow could be restricted for the ligature experiments. The uterus was then opened in a space free of cotyledons with the fetus remaining in utero. Gare was taken that äs little äs possible amniotic fluid was lost.
Measurements
The arrangement for obtaining data is depicted schematically in fig. 1 was taken from a catheter in the femoral artery. Catheters were introduced into one umbilical artery and into the umbilical vein via small placental vessels. The tip of the arterial catheter was in the fetal abdominal aorta. Electromagnetic STATHAM flow meters were positioned around an umbilical artery and an umbilical vein after removal of adventitia. The fetal EGG was registered from a SALING needle electrode [39] and fed into a HEWLETT-PACKARD cardiotokograph for the computation of beat-to-beat fetal heart rate. The following measurements were obtained: a) pH, P 02 , Pco2 faom the maternal femoral artery, the umbilical vein and the fetal abdominal aorta b) blood flow in each umbilical artery and vein c) blood pressure in the maternal femoral artery and the fetal abdominal aorta d) fetal EGG and beat-to-beat heart rate The cardiovascular data were recorded with a HELLIGE six channel writer, the fetal heart rate was recorded on the HEWLETT-PACKARD cardiotokograph.
Experimental design 1.4.1 Ligature experiments
Before, during and after restriction of blood flow in the uterine artery by traction at the cathetet ( fig. 1 ), blood samples were taken from the fetal vessels for the determination of pH, P 02 > and P c <>2· The hemodynamic parameters were recorded throughout. Since the extent of the uterine artery constriction could not be determined quantitatively, the duration of the constriction was not kept constant, but was determined by the fetal measurements.
Hypoxia experiments
For the hypoxia experiments we ventilated the ewes with N 2 O alone while keeping Ventilation per minute constant. Here, too, the duration and extent of the maternal hypoxia was not kept constant, but was varied according to the fetal response.
Calculations and corrections
In order to correct for the BOHR effect on the P O2 value during acidosis we corrected to a pH of 7.4 with DILL'S factor [21] . 
Biochemical changes
Tab. 2 demonstrates the chatige of maternal pH, P 02 , P C02 and aortic blood pressure before, during and after the experiment. ment and then feil. In all other cases the heart rate decelerated immediately. As a rule, there was an overcompensating tachycardia after the experiment. The base frequency showed all oscillation types described by HAMMACHER [25] including sinusoid curves [7] ,
Correlation between biochemical and hemodynamic changes
We have attempted to correlate the biochemical and hemodynamic changes found with our experimental design (tab. 9). Among many observations only two were found to be particularly worth mentioning. We were unable to determine any consistent patterns in changes of the oscillation types of the fetal heart rate.
No new knowledge was gained when the acceleration and deceleration patterns of cardiac frequency were divided into 7 different types. An interesting observation is depicted in fig. 3 . If the responses in cardiac frequency a"re divided into those beginning with an initial acceleration and those responding with an immediate decele*· ration, it is found that there is at least graphically, a marked correlation between the initial pH and the response of the heart rate. The mean pH values in those two types are significantly different (p < 0.005) in spite of the small number of cases. Similarly, three different response types of the fetal aortic blood pressure can be described: a) increase in blood pressure only b) initial rise in pressure followed by a decrease c) decrease in blood pressure only. However, the individual values cover a wide ränge and the three groups are statistically not different from each other. In tab. 9 we examined whether the extent of the heart rate deceleration correlated with the extent of acidosis or hypoxia. The table shows that this is not so. The median heart rate deceleration is 80 beats per minute. The decrease in P O2 of the cases with a deceleration of more than 60 beats per minute is not different from that in cases with a lesser deceleration. This applies also to the extent of the acidosis.
Discussion
Discussion of methods
The financial, instrumental and personnel complexity of such experiments often results in case numbers too small for statistical evaluations.
For each experiment the influence of the Operation and the anesthesia upon the fetus has to be considered. The role of the anesthesia can be assumed to be minimal because the ewes initially received only a small dose of a barbiturate and were then kept in superficial anesthesia with a muscle relaxant. However, some anesthetic effects upon the fetus must be assumed, in particular, those of the regulation of its cardiac frequency. Of greater importance and of greater individual Variation, however, is the operative stress. Umbilical cord manipulations are particularly unphysiological and lead to localized and uncontrollable vascular spasms which are reversible to varying extents. Tab. 7 demonsträtes this with individually highly variable umbilical flow rätes before the experiment. Therefore, we cannot make conclusive Statements about umbilical-cord blood flow, The measurement of umbilical blood flow with electromagnetic flow meters is associated with some methodological flaws [20] . Our results are considerably lower than those of other authors [2, 20, 26, 32, 36] . It must be taken into account that we measured the flow in only one umbilical^vesseirtireTefore; Statements about the total umbilical perfusion cannot be made. It cannot be assumed that flow changes in both vessels necessärily occur in a similar way. Corrections must also be applied to the biochemical changes because it cannot be assumed that the maximum change was recorded in each instance. The Po 2 value in particular can change very rapidly [8, 24] and continuous measurements are required for a complete documentation of the changes. The correction of the measured Po 2 value to the actual pH value was done with the factor reported by DILL for human blood [21] . While this is basically not justifiable, it is still better than no correction at all because the basis for comparison i s improved. BARTELS and HARMS [5] have shown that for several animal species this factor has the least deviation in the ränge of 20% to 80% oxygen Saturation if the Po 2 values for the pH ränge of 7.2 to 7.6 are corrected to a pH of 7.4. These same problems apply to oxygen Saturation values derived from nomograms. MESCHIA and coworkers [35] and DAWES [20] have reported oxygen Saturation curves for fetal lambs for which the P 50 values are on either side of the P 50 of the oxygen dissociation curve published by THEWS and coworkers [43] for human fetal blood. Therefore we have adopted THEWS' curve and our Saturation values are corrected to a pH of 7.4. Important objections may be raised against experiments with acute preparations. We were unable to maintain standardized experimental conditions äs acute experiments are generally unsuitable for this purpose. Similarily, our animals were not selected äs we do not have the enviable conditions enjoyed by DAWES, who can work with animals bred and kept under Standard conditions. However, our objective was not to investigate fetal reactions under conditions which might be considered optimal by physiologists and which can only be carried out with chronic preparations involving selected animal material. Under those circumstances all parameters but one would be kept constant and the fetal response to the change of this one parameter would be investigated. We recognize the advantages of such procedure and envy scientists having the necessary experimental conditions at their command. We would like to point out that we wanted to simulate acute situations, such äs they might occur in the delivery room where there are no standardized conditions and where intra partum Stresses often occur acutely and may be quickly reversed (e. g. after a contraction). Therefore, we attempted to examine a wide spectrum of various fetal basal states for their response to the most important fetal stress, namely, lack of oxygen. We consider an advantage of our experimental design that the fetus remains in utero. HEYMANN and RUDOLPH [27] have shown that the exteriorization of the fetus results in hernodynamic changes.
Discussion of the results
The fetal response to hypoxia has been investigated extensively [3, 6, 10, 12, 15, 19, 23, 30, 31, 33, 34, 37, 42] . THowever, letal hypoxia in these reports was caused exclusively by maternal hypoxia. This results in changes unlike those found in clinically relevant hypoxia states (e. g. placental insufficiency, poor uterine per-f usion): an increase in maternal catecholamines tained during the subsequent rise of P O2 or occurs [15, 16, 42 ], which we were also able to shortly thereafter. In order to demonstrate the demonstrate in two cases [40] . In addition there maximal hypoxemia, continuous P O 2 measureare considerable maternal biochemical and hemo-ments are required. Our P O2 values* measured dynamic changes such äs a rise in blood pressure during acute hypoxia were found to be almost and vasoconstriction. always above the limits given by BRINKMAN The transfer of maternal catecholamines to et al. for "severe" fetal hypoxia. However, our the fetus has not been described in previous measurements represent only rarely the very literature [17] . While we were able to demon-transient maximum response, so that a severe strate in one case ( fig. 2 ) that following the hypoxia with corresponding cardiovascular reacinjection of radioactive adrenalin and noradrenalin tions cannot be excluded. into the ewe there was activity in the fetal As expected, fetal acidosis occurs later than blood, we cannot prove that this corresponded hypoxia. Apparently, even brief hypoxia leads to biologically active catecholamines.
to a certain amount of anaerobic glycolysis, It is not known whether the cause of the fetal with the formation of acidic radicals whose hypoxia is related to the type of fetal response. presence can be demonstrated in the blood afteröur ligature experiments simulated the de-wards. Continuous measurements are probably N örease of maternal oxygen supply äs it might not necessäry here nor is the measurement of the be found in shock, during a contraction, pH necessäry at the moment of stress. Therefore, with physical exertion, and with the vena if decelerations in cardiac frequency are cava syndrome. The hypoxia experiments observed clinically, indicating a disturbed gas leading to a rise in maternal blood pressure and exchange between mother and fetus, micro-blood maternal vasoconstriction simulated a lack of sampling for the documentation of the fetal oxygen äs it may occur during poor anesthesia stress should be done 3-4 minutes after the for a caesarian section or äs it may be found occurrence. While the fetal P O2 at this time may chronically in patients with toxemia (vaso-have become normal again, acidosis is always constriction, rise in blood pressure, poor uterine an indication of previous lack of oxygen. and placental perfusion, decreased oxygen supply to the fetusj. The result, in the form of a 3 · 2 · 2 Blood pressure decreased oxygen supply, is identical in both There is no uniform opinion about blood forms; however, the transfer of maternal active pressure changes represented in previous literacatecholamines to the fetus with resulting ture, including the work done by the groups of fetal cardiac and vascular reactions cannot be DAWES and ASSALI. This can be explained largely excluded.
by the difference in experimental procedures. With the small number of experiments we could Variations in the Undings are quite large, not demonstrate any differences and we shall not only from one experimental team to another, consider the results together.
or from one series of experiments to another, but also between individual experiments. The
Biochemical results
greater the number o£ parame ters measured, the The decrease of fetal arterial and venous P 02 more difficult it is to establish a series with comcan be demonstrated only if samples are obtained parablebasalconditions yielding consistent results. at very short intervals. Fetal hypoxemia occurs We shall address ourselves to fetal changes very quickly and is reversible just äs quickly resulting from fetal hypoxia produced by and completely after cessation of a stress. This maternal hypoxia, in particular changes in blood has been shown by WALKER and coworkers [44] , pressure, cardiac frequency, umbilical blood and RENOU and coworkers [38] , äs well äs in our flow, and vascular resistance in the umbilicalown iaboratory [8] . We believe that we have placental System. demonstrated only in a few cases the füll extent The rise in maternal blood pressure in the of the fetal hypoxemia. Most samples were ob-hypoxia experiments is caused by the release of catecholamines [15, 40, 47] and/or the Stimulation of chemoreceptors. We were able to measure an increase in maternal catecholamine excretion by 50% and 500% respectively in two experiments [40] . BRINKMAN et al. [14] did not show a significant increase in maternal blood pressure; however, their hypoxia experiments were extended over periods of 30 and 15 minutes, with the animals breathing'13% and 6% O 2 respectively. Obviously, our experimental conditions are of a more acute nature because they were meant to simulate acute intra partum disturbances. The changes in fetal blood pressure are not consistent [10, 14, 20, 34] . Fetal blood pressure is regulated by the cardiac minute volume and peripheral vascular resistance. Blood pressure will rise or fall according to the relative condition of either parameter. A change in cardiac volume might be caused by hypoxic myocardial damage [23] or by decreased blood return [14] . It was observed that end-diastolic pressures in either ventricle showed little change; therefore, it is more likely that a decreased cardiac volume is caused by decreased venous return rather than by diminished cardiac contractility resulting from hypoxia. BRINKMAN and coworkers have made the interesting observation that in hypoxia the placental vascular resistance rises by 11% to 17% and that of the so-called umbilical sinus by 24% to 66%. This means that in hypoxia the bloodreturn via the umbilical vein, which accounts for about 50% of the total return, can be decreased or delayed so that the constriction of the umbilical sinus causes a portion of the venous blood to flow into the liver or so that it may be retained in the placenta instead of taking the low-resistance pathway through the sinus venosus. The alternative mechanism which regulates blood pressure is related to the peripheral resistance. Catecholamines released by hypoxia [15, 40, 42] may cause a rise in blood pressure mediated by vasoconstriction. However this vasoconstriction is not necessarily ubiquitous nor uniform.
We are primarily concerned with the circulation in the umbilical cprd. Since the decrease of placental perfusion was proportionately greater than the decrease in blood pressure, an umbilical-placental vasoconstriction must be considered. As a result, a pooling of the blood in the placenta occurs, followed by a decrease in the return of blood to the heart. It is assumed that the vasoconstriction is localized in the umbilical sinus just before the umbilical vein joins the ductus venosus [13] ; the vasoconstriction is certainly located on the venous side of the circulation. Besides the vasoconstriction in the venous portion, possibly mediated by catecholamines, a direct hypoxic vasodilation may play a role because a decrease in the partial pressure of oxygen has a local vasodilating effect [29] . Finally, the pooling of the blood in the placenta may be enhanced by cardiac decompensation because if central venous pressure exceeds the pressure in the umbilical vein, blood is returned via the umbilical vein to the placenta [19] . We observed this in three animals (H5, L6, L7). DAWES [20] has demonstrated with a body-plethysmograph a decrease of the fetal volume of up to 8 ml within 2 minutes after a fetal infusion of 0.5 to l.Omg/kg/min of adrenalin or noradrenalin. The clinical picture of feto-placental transfusion with the resulting anemic fetus is well-known.
There was a variable fetal blood pressure response in our experiments. We were unable to demonstrate uniform relations between responses in blood pressure, blood flow, and cardiac frequency. We cannot comment on the umbilico-placental resistance because we did not measure pressures within the umbilical vessels. However, we have attempted to differentiate 3 different types of blood pressure responses ( fig. 3 ) and to correlate them to various fetal basal states. This basal state is judged by the pH val e because the P O2 7.5 Spot samples did not appear suitable for this assessment; pH values are more reliable because they change more slowly. While the number of our observations is too small for statistical analysis, we have the Impression that those fetuses which react with an initial or an exclusive rise in blood pressure are in a better basal condition than those in whom the hypoxia leads to an immediate decrease in blood pressure.
Fetal heart frequency (FHF)
Here again the response to hypoxia and ligature of the uterine artery depended on the baseline condition. Three different types of FHF response were seen: 1. acceleration of FHF only 2. initial acceleration f ollowed by deceleration 3. deceleration only.
As seen in fig. 3 the fetal basal condition äs defined by the pH evokes variable FHF responses.
In the current series of experiments only two different deceleration patterns were seen in contrast to a series of experiments which will be published separately. Fetuses in whom the FHF rises initially and decreases later had a better baseline condition than those reacting with deceleration only. However, if the baseline P O2 value serves äs the definition for the basal condition, this correlation is less obvious. More recent and in part unpublished results [8, 31] using larger numbers of experiments and continuous P 02 monitoring show that P O2 values may be useful äs an indicator of the fetal condition.
This initial FHF acceleration from hypoxic stress has been examined only to a limited degree in the literature. MANN and co-workers [34] have described accelerations with later deceleration if the initial FHF was between 125 and 160 bpm, and deceleration exclusively if the initial FHF was above 160. We conclude from their study that the tachycardia in their cases indicated some degree of hypoxia. However, an analysis of the FHF responsetypes according to the basal pH or Po 2 values is not possible from the published data. HON [28] has described several episodes of brief acceleration which give the Impression of a tachycardia because of some degree of superimposition. On the other hand the entire modern obstetric literature refers almost exclusively to the various deceleration types. BRINKMAN and co-workers [11] have pointed out that the fetal heart responds with decelerations to the same Stimuli which cause acceleration in adults. In classical obstetrics a fetal tachycardia was considered an indication of mild hypoxia. . r BORN, DAWES, and Morr showed in 1956 that FHF rises with light hypoxia [10] . As hypoxemia progresses -in particular äs O 2 Saturation drops below 15% -FHF decreases. BORN and co-workers postulate reflex mechanisms äs the cause of the tachycardia and Interpret the deceleration äs being caused by a Stimulation of chemoreceptors and/or a reactive triggering of the pressor reflex [10, 20] . However, i t is generally thought that a Stimulation of chemoreceptors by hypoxia does not cause bradycardia, but rather tachycardia [29] . In contrast however, COMROE and MORTIMER [18] postulate the opposite response of the aortic and carotid chemoreceptors, with a net response to hypoxia consisting of tachycardia and hypertension. While the pathogenesis of FHF deceleration is still incompletely known, it is assumed that severe prolonged hypoxemia damages the myocardium directly by lack of oxygen.
According to our observations the fetal response to hypoxia does not appear to be different from that of the adult. In the first stage of adaptation the Stimulation of the chemoreceptors by hypoxia excites the sympathetic nervous System causing a rise in cardiac frequency and fetal blood pressure. With continuing hypoxia the vasomotor centers and in particular the vagal nuclei are excited and the vasoconstrictors are consequently inhibited. As a result the cardiac frequency decelerates and the blood pressure drops. The adaptibility of the fetus is now exhausted and shock ensues. The transition from vagal excitation to vasomotor collapse is smooth [9, 24] . Ultimately, hypoxemia leads directly to myocardial damage [20, 23, 28] . If hypoxia occurs in a fetus in good baseline condition these stages of sympathetic Stimulation -vagal Stimulation -collapse are experienced sequentially. If hypoxia occurs in a fetus in poor basal condition the FHF deceleration occurs immediately. Therefore we assume that the type of the FHF response allows conclusions to be drawn äs to the original baseline condition of the fetus. This is corroborated by other observations [41] . Therefore, to describe an FHF response by the term "deceleration" is unsatisfactory because it does not take into consideration the initial acceleration.
On the other hand we do not want to complicate the current discussion of nomenclature by the introduction of new terms äs long äs our findings have not been confirmed in other laboratories.
Even though the type of the heart rate response permits one to draw conclusions äs to the fetal condition this appears to apply less to the extent of the deceleration in cardiac frequency. MÜLLER-HEUBACH et al. [37] have demonstrated a correlation between the extent of the fetal hypoxia and the extent of the deceleration.
However, they based their correlations on Po 2 values obtained from intermittent sampling. We have found that Po 2 values dbtained from Spot samples do not record the extent of fetal hypoxemia correctly. Correlations based on this procedure have the inherent risk of recording the maximum decrease in Po 2 only by chance. Consequently, no correlation is demonstrable from our calculations. We believe that continuous Po 2 measurements must be utilized. On the other hand i t appears to be a logical assumption that the fetal heart should decelerate in proportion to the fetal hypoxemia. With our limited observations we do not want to exclude this possible interrelation, particularly since MÜLLER-HEUBACH through simultaneous tocography has been able to help establish the timing of the maximum hypoxia.
Umbilical blood flow
The electromagnetic measurements of umbilical blood flow yielded no uniform results. As commented on above, conclusions cannot be drawn and we publish our data only to demonstrate that electromagnetic flow measurements on isolated umbilical vessels may easily give results which cannot be interpreted [20] . In isolated cases it was seen that the blood flow in the umbilical vein may be reversed.
Summary Experimental design
Experiments on 5 fetal lambs were carried out 7 to 14 days before term. The time of conception and thus the estimated time of birth were known accurately because of controlled ovulation. Thus experiments could be done on animals of comparable gestational age. The uterotomy was performed on ewes in which light anesthesia was induced with barbiturate and maintained with nitrous oxide (Ö 2 : N 2 O = l: 1). The fetuses were partially delivered briefly for the application of the measuring devices; otherwise they remained in utero during the experiments ( fig. 1) In 7 experiments the ewe was rendered hypoxic by ventilating her with pure nitrous oxide (hypoxia experiments), in 8 experiments the uterine artery was compressed partially (ligature experiments) in order to reduce the utero-placental perfusion. This latter design attempted to simulate conditions during a uterine contraction. The problems of this experimental design will be discussed in detail. The most important are: a) the question whether results from experiments on anesthesized animals can be transferred to the human fetus b) the disadvantages of the acute preparation äs opposed to a chronic experiment. However, we dealt with questions of acute emergency situations of the fetus äs they occur in the delivery room. For these reasons only a few of the total number of experiments could be interpreted.
Results
Under both experimental conditions the fetuses reacted in a similar fashion; therefore the results will be discussed together. The possible transfer of maternal catecholamines released to the fetus in an active form during the hypoxia experiments cannot be excluded. We demonstrated the transfer of radioactively labelled adrenalin and noradrenalin in one case; this does not necessarily imply biological activity in the fetal circulation ( fig. 2) . A decrease of the fetal Po 2 in both experimental designs (tab. 5) can be demonstrated only if sampling occurs at very short intervals and during the stress. In contrast to the pH changes (tab. 3) with their time lag, Po 2 changes are very transient. Continuous Po 2 measurements are therefore required if the time relation to other biochemical and hemodynamic changes or cause-and-effect relations are to be investigated. The clinical consequence is that micro-blood examination of the fetus should not be done during or immediately after a deceleration of cardiac frequency indicates fetal hypoxemia, but 3 to 4 minutes later. The pH indicates satisfactorily the extent of the hypoxemia which is usually more or less reversible and often recurs.
The fetal blood pressure showed varying responses ( fig. 3 ). The possible reasons for this are to be sought in changes of cardiac volumc and vascular resistance caused by the hypoxemia which may react in either direction. An important regulator of cardiac volume is the heart rate which almost always decelerates during hypoxia. This
Berg et al., The efiects o£ experimental acute decrease of uterine perfusion and maternal hypoxia on the fetus causes a dectease of cardiac volume and consequently a decrease in blood pressure. But, however, the blood pressure may rise when hypoxia causes catecholamine release with a resulting vasoconstriction. Therefore, the net effect on the blood pressure is the result of two opposing factors. This explanation is necessarily an oversimplification. Three different types of fetal blood pressure response can be recognized (tab. 7); they correlate probably with the fetal baseline pH value (the number of the experiments i s too small and the scatter too large for statistical significance). With a good basal state of the fetus there is a rise in blood pressure only; with a somewhet poorer basal state or a prolonged stress this is followed by a decrease in blood pressure. As a result a dual response of the blood pressure i s seen. With a primary poor basal condition äs defined by the pH, the blood pressure drops immediately.
A similar response is seen with fetal heart frequency (FHF) for wich we differentiated only two types in our % current series of experiments: \ a) initial acceleration followed by deceleration b) immediate deceleration.
With a favorable basal state äs defined by the preexperimental pH, type A is found, with a poorer basal condition, type B.
The causes for the different responses of blood pressure and FHF are thought to be (related to the baseline condition of the cardiovascular regulatory System. As in the adult organism, hypoxia stimulates primarily peripheral chemoreceptors and the sympathetic nervous System and thus causes, either directly or through catecholamine release, an increase of blood pressure and FHF. With a persisting stress or with a poorer baseline condition (which in the clinical Situation are probably identical) there is a vagus Stimulation by the vasomotor center with a resulting decrease in FHF and blood pressure (Inhibition of vasoconstrictors). Finally the condition gradually leads to collapse and the damage of the myocardium.
For clinical applications the type of the FHF response to uterine contraction to a certain extent permits conclusions äs to the fetal basal state to be drawn. There were no consistent correlations between the extent of the hypoxia or acidosis and the extent of the FHF deceleration.
For methodological reasons the results from electromagnetic measurements of the blood flow cännot be interpreted. In isolated cases a reversal of the blood flow in the umbilical vein was seen and was compared with a fetal-placental transfusion in the human fetus. 
Resultats
Dans les deux conditions experimentales les foetus ont reagi de fagon identique; les resultats seront donc exposes ensemble. La possibilite d'un transfert de catecholamines maternelles liberees pendant les experiences d'hypoxie sous une forme active sur le foetus ne peut pas etre exclue. Nous avons demontre le passage d'Adrenaline et de Noradrenaline marquees par des elements radioactifs dans un cas, ce qui n'implique pas nocessairement une activite biologique, dans la circulation foetale ( fig. 2 ). Une diminution de la Po 2 foetale dans les deux experimentations (tab. 5) peut-etre mise en ovidence seulement si les prelevements sont realises des intervalles de temps tres courts et pendant Fagression. A la difference des variations de pH qui apparaissent avec un certain retard, les variations de PQ Z sont tres ephemeres. La mesure continue de la Po 2 est donc necessaire si Γόη veut etudier les relations dans le temps avec les autres variations biochimiques et hemodynamiques et les relations de cause a effet. La consequence clinique de ceci est que Γ analyse du sang des foetus par micromethode ne devrait pas etre faite pendant ou immediatement apres une deceleration cardiaque foetale indiquant une hypoxie foetale mais 3 a 4 minutes plus tard. Le pH indique de fagon satisfaisante l'importance de l'hypoxemie qui est habituellement plus ou moins roversible et souvent reapparait. La pression arterielle foetale a montre des reponses variables ( fig. 3) . Les raisons possibles de ce fait doivent etre recherchees dans les variations du debit cardiaque et de la resistance vasculaire dues Γηνροχέηιΐε qui peut reagir dans Fune ou Fautre direction. Un element de regulation important pour le debit cardiaque est la fr quence cardiaque qui diminue presque toujours pendant Fhypoxie, qui entraine une diminution du d&bit cardiaque et par consequent une diminution de la pression arterielle. Par contre, la pression artorielle peut s'elever quand Fhypoxie entraine une liberation de catecholamine avec la vasoconstriction qui en rosulte. Donc, Feffet net sur la tension artorielle est le resultat de deux facteurs opposes. Cette explication est necessairement trop simplifiee. On peut distinguer trois types differents de reponse de la pression arterielle foetale (tab. 7); elles sont probablement en correlation avec la valeur de base du pH foetal (le nombre d'experiences est trop petit et la repartition trop large pour avoir une signification statistique). Avec un bon etat de depart du foetus il se produit seulement une elevation de la pression arterielle; avec un etat de depart moins bon ou une agression prolongee il se produit une baisse de la pression arterielle. II semble qu'il y ait une dualitd de la reponse de la pression arterielle. Avec des conditions de dopart mauvaises montr£es par le pH, la pression arterielle chute immediatement. On trouve une reponse identique avec le rythme cardiaque foetal (FHF) pour lequel nous distinguons seulement deux types dans cette serie d'experiences: a) acceloration initiale suivie par une deceleration. b) Deceleration immediate. 
